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BIT RATE CONTROL USING SHORT-TERM 
AND LONG-TERM PERFORMANCE 

CHARACTERIZATION 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

This application is related to U.S. Pat. No. 5,646,618 
issued July 8, 1997, the teachings of which are incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to Video compression 
Schemes. 

2. Description of the Related Art 
Many conventional Video compression Schemes rely on 

the Selection of certain encoding parameters to control the 
Size of the encoded data. For example, in certain block 
transform-based encoding Schemes, a transform, Such as a 
discrete cosine transform or a Slant transform, is applied 
either to blocks of pixels (for intra-frame encoding) or to 
blocks of pixel differences (for inter-frame encoding). The 
resulting transform coefficients are then quantized for Sub 
Sequent run-length encoding and variable-length encoding. 

The degree to which the transform coefficients are quan 
tized (i.e., the quantization level) dictates the lengths of runs 
of coefficients that quantize to Zero. This in turn dictates the 
number of bits used to variable-length encode the run-length 
data. By adjusting the quantization level, the size of the 
encoded Video data can be affected. In general, higher 
quantization levels (i.e., coarser quantization) imply fewer 
bits to encode. Higher quantization levels also typically 
imply lower Video quality. AS Such, a goal of typical 
quantization-based Video encoding Schemes is to use as fine 
a quantization level as possible to achieve as high a Video 
quality as possible without exceeding available transmission 
bandwidth and/or data Storage capacities. 

In off-line Video encoders, one typical goal is to achieve 
as uniform a bit rate as possible. Under these off-line 
encoding Schemes, a target bit rate or target encoded frame 
Size is specified. A bit rate controller of the Video encoder 
adjusts the quantization level for each frame based on the 
performance of the Video encoder in encoding the previous 
frame, to attempt to achieve the target encoded frame size 
for the current frame. If the previous encoded frame is too 
large, as compared to the target encoded frame size, then the 
quantization level is increased for the current frame to 
achieve coarser quantization to reduce the number of bits 
used to encode the current frame. Conversely, if the previous 
encoded frame is too Small, then the quantization level is 
decreased for the current frame to permit the current frame 
to be encoded using more bits. 
When quantization level is Substantially changed from 

one frame to another to achieve a uniform bit rate (equal to 
the target encoded frame size), disturbing artifacts in the 
decoded Video Stream can result from the drastic change in 
Video quality over a short period of time. These artifacts may 
be particularly pronounced with the occurrence of key 
frames. Key frames are frames that are encoded using only 
intraframe encoding techniques. For a given quantization 
level, key frames typically encode to a much larger size than 
other frames that are encoded using interframe encoding 
techniques (i.e., predicted frames). In order to achieve the 
target encoded frame Size for a key frame, the quantization 
level may be drastically increased. The result is a key frame 
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2 
with Substantially lower quality than the preceding predicted 
frames. The lower quality of the key frame can cause 
additional encoding problems because the key frame is the 
frame upon which Subsequent predicted frames are ulti 
mately based. This may cause the frames following a key 
frame to encode to a larger size resulting in even further 
degradation in Video quality due to Steadily increasing 
quantization level. AS the prediction gets better and better 
between frames, the quantization level will slowly drop 
thereby increasing video quality, that is, until the next key 
frame. 
Some off-line video encoders allow each frame to be 

encoded two or more times to achieve the target encoded 
frame size. Such bit rate controllers are not designed for 
real-time Video encoders which may not have time to encode 
each frame more than once. Real-time Video encoderS may 
not have it as a goal to achieve a uniform bit rate. Rather, a 
real-time Video encoder may have a goal of encoding a 
particular Video Sequence for Storage within a Specified 
amount of memory. This may be viewed as a goal of 
achieving a particular average encoded frame size, however, 
the size of encoded frames may be allowed to fluctuate 
greatly from frame to frame. 
What is needed is a bit rate controller for controlling 

encoding parameters, Such as quantization level, for real 
time Video encoderS. 

It is accordingly an object of this invention to overcome 
the disadvantages and drawbacks of the known art and to 
provide an efficient bit rate controller for real-time video 
encoderS. 

Further objects and advantages of this invention will 
become apparent from the detailed description of a preferred 
embodiment which follows. 

SUMMARY OF THE INVENTION 

The present invention comprises a computer 
implemented process, an apparatus, and a Storage medium 
encoded with machine-readable computer program code for 
encoding Video Signals. According to a preferred 
embodiment, after a plurality of previous frames in a video 
Sequence are encoded, the Short-term performance and the 
long-term performance of the encoding of the previous 
frames are characterized, wherein the characterization of the 
long-term performance considers effects of encoding more 
of the previous frames than the characterization of the 
Short-term performance. An encoding parameter is gener 
ated for a current frame i in the Video Sequence based on the 
characterizations of the Short-term and the long-term 
performances, and the current frame is encoded based on the 
Selected encoding parameter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects, features, and advantages of the present 
invention will become more fully apparent from the follow 
ing detailed description of the preferred embodiment, the 
appended claims, and the accompanying drawings in which: 

FIG. 1 is a flow diagram of the processing of a bit rate 
controller, according to a preferred embodiment of the 
present invention; and 

FIG. 2 is a block diagram of the bit rate controller of FIG. 
1. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
The hardware and Software architectures for video encod 

ing and decoding Systems, according to preferred embodi 
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ments of the present invention, are described in detail in the 
1022 application, the teachings of which are incorporated 
herein by reference. The present invention is directed to the 
bit rate controller for a real-time video encoder. The bit rate 
controller adjusts the global quantization (Q) level used to 
encode the Video frames to adjust the size of the encoded 
frames. The adjustments to the global Q levels are based on 
both short-term characterizations of the performance of the 
Video encoder and long-term characterizations of that per 
formance. 
By basing Q-level adjustments on both short-term and 

long-term characteristics of the performance of the Video 
encoder, the bit rate controller of the present invention is 
able to achieve efficient Video encoding in real time for 
Storage to, for example, a hard drive, during video capture. 
The bit rate controller provides gradual adjustments to the Q 
level thereby allowing the encoded frame size to vary 
Significantly from frame to frame, if necessary. This will 
result in a decoded Video stream having a more uniform 
Video quality, Since Q level does not change drastically over 
short periods of time. In addition, the bit rate controller does 
not require a given frame to be encoded more than once, 
thereby making it Suitable of real-time encoding in which 
there will typically be insufficient time to encode each frame 
more than once. Furthermore, because, in a preferred 
embodiment, the bit rate controller of the present invention 
is parameter driven, it is highly configurable to allow fine 
tuning of its operation. 

Referring now to FIG. 1, there is shown a flow diagram 
of the processing of a bit rate controller, according to a 
preferred embodiment of the present invention. The bit rate 
controller of FIG. 1 analyzes the performance of the video 
encoder in encoding the previous video frame i-1 relative to 
prior encoded video frames to determine how to adjust the 
global quantization level for the current video frame i. The 
video encoder uses the global Q level to determine how to 
quantize the different blocks of transform coefficients of a 
frame generated by applying a block transform to the blockS 
of pixels and/or pixel differences of the frame. The global Q 
level is the average or effective quantization level for the 
frame. The video encoder is allowed, however, to vary the 
block-level quantization level from block to block within a 
frame. 

In particular, for a current frame i, if the previous frame 
i-1 is a key frame (step 102 of FIG. 1), then the global Q 
level is reset to the value of the global Q level that was used 
for the second previous frame i-2 (step 104). As explained 
below with respect to steps 122 and 124, in a preferred 
embodiment of the present invention, the Selection of global 
Q level for key frames is different from other types of 
frames. In order to avoid that difference from affecting the 
Selection of global Q level for those other non-key frames, 
the bit rate controller selects the global Q level for the frame 
immediately following a key frame based on the global Q 
level for the frame immediately preceding the key frame. 
After resetting the global Q level to the value for frame i-2, 
processing ends. 

If the previous frame is not a key frame (step 102), then 
the bit rate controller determines whether the current frame 
is adjustable (step 106). In a preferred embodiment of the 
present invention, the Video encoder Supports the concept of 
an adjustment interval. The adjustment interval dictates how 
often the global Q level can be changed in the Sequence of 
Video frames being encoded. For example, if the adjustment 
interval is set to 3, then the global Q level is allowed to be 
adjusted only every third frame (other than key frames). The 
bit rate controller preferably determines whether the current 
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4 
frame number is an integer multiple of the adjustment 
interval (e.g., if (framei mod adjustment interval==O)) in 
order to determine whether adjustment of global Q level for 
the current is permitted. If the adjustment interval is set to 
1, then the bit rate controller will be permitted to adjust the 
global Q level for each frame, if necessary. Other Schemes 
can be devised to designate other Sequences of frames as 
adjustable frames. For example, to designate two out of 
every three frames as adjustable, the bit rate controller could 
Specify a frame as adjustable if the frame number were not 
an integer multiple of the Specified interval, where the 
interval is Set to 3. In any case, if the current frame is not an 
adjustable frame, then processing ends. 

Otherwise, the current frame i is an adjustable frame and 
the bit rate controller compares the size of the previous 
encoded frame (i.e., the number of bits used to encode the 
previous frame i-1) with a specified target encoded frame 
size (step 108). The target encoded frame size may be a 
Static value based, for example, on the total memory allo 
cated for the current Sequence. Alternatively, the target 
encoded frame size man be dynamically Set by the Video 
encoder based on other considerations. 

If the previous encoded frame size is less than the target 
encoded frame size, then the bit rate controller compares the 
difference between the target encoded frame size and the 
previous encoded frame size to a specified threshold (Step 
110). If that difference is larger than the threshold, then a 
quantization delta parameter is set to -1 (Step 112). If the 
difference is not larger than the threshold, then Q delta is left 
at its initial value of 0. 

If the previous encoded frame size is not less than the 
target encoded frame size (step 108), then the bit rate 
controller compares the difference between the previous 
encoded frame Size and the target encoded frame size to a 
specified threshold (step 114). In a preferred embodiment, 
the threshold used in step 114 is the same as the threshold 
used in step 110, although that need not be the case. If the 
difference is greater than the thresholds then Q delta is set to 
+1 (step 116). If the difference is not larger than the 
threshold, then Q delta is left at its initial value of 0. 

Those skilled in the art will understand that the processing 
of Steps 108-116 are an example adjusting an encoding 
parameter (i.e., quantization level) based on a short-term 
characterization of the performance of the Video encoder 
(i.e., comparing the size of the previous encoded frame to a 
Specified target encoded frame size). If the previous encoded 
frame is too large, then the quantization level is increased for 
the current frame to attempt to reduce the number of bits 
used in encoding the current frame. If, however, the previous 
encoded frame is too Small, then the Q level is decreased for 
the current frame to allow the current frame to be encoded 
using a larger number of bits. 

After the adjustment of Q level based on the short-term 
characterization of steps 108-116 is implemented, process 
ing continues to step 118 for adjustment of Q level based on 
a longer-term characterization of the performance of the 
Video encoder. The bit rate controller compares a current 
average encoded frame size value to a target average 
encoded frame size (step 118). In a preferred embodiment, 
the target average encoded frame size is the same as the 
target encoded frame size used in steps 108, 110, and 114, 
although that need not be the case. 

Similarly, in a preferred embodiment, the current average 
encoded frame size used in Step 118 is the average of the 
actual encoded frame sizes for a specified number of frames 
preceding the current frame (e.g., 15 frames). Alternatively, 
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the current average encoded frame size may be generated in 
other ways. For example, the current average encoded frame 
Size A could be generated using a filter according to 
Equation (1) as follows: 

A=(n-1)A +F in, (1) 

where A is the average encoded frame size for the 
previous frame, F 1 is the size of the previous encoded 
frame, and n is a Specified number. In either case, the 
calculation of the current average encoded frame size pref 
erably takes into account the encoding of key frames. 

If the current average encoded frame size is larger than the 
Specified target average encoded frame size (step 118), then 
the long-term trend in the performance of the Video encoder 
is Such that the encoded frames are too large. In this case, Q 
delta is incremented (step 120) to increase the quantization 
level and thereby tend to decrease the average Size of the 
encoded frames. 

Those skilled in the art will understand that one reason for 
using the adjustment interval of step 106 to prevent the 
global Q level from being allowed to be adjusted with every 
frame is to give the adjustment of Q level a chance (i.e., 
more than one frame) to have a meaningful effect on the 
long-term performance of the Video encoder. If the global Q 
level is permitted to be changed with every frame, then, after 
the occurrence of a large encoded frame Such as a key frame, 
the bit rate controller might increase the global Q level too 
drastically in the frames that follow the large encoded frame. 
By preventing adjustment of Q level with every frame, the 
Video encoder has a chance to recover more gradually and 
with leSS impact to Video quality from the large encoded 
frame over a longer period of time. 

If the current average encoded frame size is not larger 
than the target average encoded frame size (Step 118), then 
the long-term performance of the Video encoder is accept 
able and Q delta is not incremented. In any case, processing 
continues to Step 122. 
AS mentioned earlier, key frames are encoded differently 

from other frames. Since key frames are used as the ultimate 
reference for Subsequent predicted frames, the bit rate con 
troller of the present invention allows key frames to be 
encoded using extra bits to provide higher quality. To 
achieve this higher quality, the bit rate controller allows the 
global Q level to be lowered for certain ranges of Q level. 
That is, if the current frame is a key frame (step 122), then 
the global Q level is decreased (step 124), preferably using 
the following formula: 

if O26, then Q=Q-2 

if O=5, then Q=Q-1 

if Os 4, then Q=O 

In this way, frames that would otherwise be encoded using 
coarse quantization are encoded as key frames using finer 
quantization, while those frames that would be encoded 
using fine quantization are kept at their Same level. 

After the Q delta parameter has been Set and possibly 
adjusted in steps 112, 116, and 120 and after the global Q 
level has been possibly adjusted in steps 104 or 124, the 
global Q level for the current frame is finally established in 
step 126 by adding Q delta to the current value for global Q 
level and ensuring that the new global Q level is within the 
legal range. For example, if there are 32 different quantiza 
tion tables numbered 0 through 31, the new global Q level 
is clamped to that range. The Video encoder then uses the 
global Q level generated by the bit rate controller to encode 
the current frame. 
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6 
Referring now to FIG. 2, there is shown a block diagram 

of the bit rate controller of FIG. 1 when generating the global 
quantization level for adjustable, non-key frames, according 
to a preferred embodiment of the present invention. Short 
term characterizer 202 characterizes the short-term perfor 
mance of the Video encoder based on the previous encoded 
frame size and the Specified target encoded frame Size to Set 
the Q delta parameter. Long-term characterizer 204 charac 
terizes the long-term performance of the Video encoder 
using the previous encoded frame size (to update the current 
average encoded frame size) and the Specified target average 
encoded frame size to adjust Q delta. Quantization-level 
generator 206 generates the global quantization level from 
the Q delta and the previous global Q level. Frame encoder 
208 uses the global Q level to encode the current frame to 
generate the corresponding encoded frame data. 
The present invention can be embodied in the form of 

computer-implemented processes and apparatuses for prac 
ticing those processes. The present invention can also be 
embodied in the form of computer program code embodied 
in tangible media, such as floppy diskettes, CD-ROMs, hard 
drives, or any other computer-readable Storage medium, 
wherein when the computer program code is loaded into and 
executed by a computer, the computer becomes an apparatus 
for practicing the invention. The present invention can also 
be embodied in the form of computer program code, for 
example, whether Stored in a storage medium, loaded into 
and/or executed by a computer, or transmitted over Some 
transmission medium, Such as over electrical wiring or 
cabling, through fiber optics, or via electromagnetic 
radiation, wherein, when the computer program code is 
loaded into and executed by a computer, the computer 
becomes an apparatus for practicing the invention. When 
implemented on a general-purpose microprocessor, the com 
puter program code Segments configure the microprocessor 
to create Specific logic circuits. 

It will be further understood that various changes in the 
details materials, and arrangements of the parts which have 
been described and illustrated in order to explain the nature 
of this invention may be made by those skilled in the art 
without departing from the principle and Scope of the 
invention as expressed in the following claims. 
What is claimed is: 
1. A computer-implemented proceSS for encoding video 

Signals, comprising the Steps of 
(a) encoding a plurality of previous frames in a Video 

Sequence, 
(b) characterizing short-term performance of the encoding 

of the previous frames by comparing the Size of a 
previous encoded frame i-1 with a target encoded 
frame size; 

(c) characterizing long-term performance of the encoding 
of the previous frames by comparing a current average 
encoded frame size with a target average encoded 
frame size; 

(d) generating a quantization level for a current frame i in 
the Video Sequence, Said generating comprising the 
Steps of 
(1) adjusting the quantization level for coarser 

quantization, if the size of the previous encoded 
frame i-1 is greater than the target encoded frame 
size by a first threshold; 

(2) adjusting the quantization level for finer 
quantization, if the target encoded frame Size is 
greater than the Size of the previous encoded frame 
i-1 by a Second threshold; and 

(3) adjusting the quantization level for coarser 
quantization, if the current average encoded frame 
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Size is greater than the target average encoded frame 
size by a third threshold; and 

(e) encoding the current frame based on the generated 
quantization level. 

2. The process of claim 1, wherein the previous frames 
and the current frame are encoded in real time during capture 
of the Video Sequence. 

3. The process of claim 1, wherein the characterization of 
the long-term performance of Step (c) considers effects of 
encoding more of the previous frames than the character 
ization of the short-term performance. 

4. The process of claim 1, wherein the generating of Step 
(d) is based on the characterization of the short-term per 
formance and on the characterization of the long-term 
performance for the previous frames. 

5. The process of claim 1, wherein: 
Step (a) comprises the further step of determining whether 

the current frame is an adjustable frame; 
Steps (b) and (c) are implemented only if the current frame 

is an adjustable frame; and 
Step (d) comprises the step of Setting the quantization 

level for the current frame i equal to the quantization 
level for the previous frame i-1 if the current frame is 
not an adjustable frame. 

6. The process of claim 1, wherein: 
the first threshold is equal to the second threshold; 
the current average encoded frame size is an average Size 

of a specified number of previous encoded frames, 
the target encoded frame size is equal to the target average 

encoded frame size; and 
the third threshold is zero. 
7. The process of claim 1, wherein the quantization level 

is adjusted for finer quantization, if the current frame is a key 
frame. 

8. The process of claim 1, wherein the quantization level 
is reset to the quantization level of the Second previous 
frame i-2, if the previous frame i-1 is a key frame. 

9. An apparatus for encoding video signals, comprising: 
(a) means for encoding a plurality of previous frames in 

a Video Sequence; 
(b) means for characterizing Short-term performance of 

the encoding of the previous frames by comparing the 
Size of a previous encoded frame i-1 with a target 
encoded frame size; 

(c) means for characterizing long-term performance of the 
encoding of the previous frames by comparing a cur 
rent average encoded frame size with a target average 
encoded frame size; 

(d) means for generating a quantization level for a current 
frame i in the Video Sequence, Said means for generat 
ing comprising: 
(1) means for adjusting the quantization level for 

coarser quantization, if the size of the previous 
encoded frame i-1 is greater than the target encoded 
frame size by a first threshold; 

(2) means for adjusting the quantization level for finer 
quantization, if the target encoded frame Size is 
greater than the Size of the previous encoded frame 
i-1 by a Second threshold; and 

(3) means for adjusting the quantization level for 
coarser quantization, if the current average encoded 
frame size is greater than the target average encoded 
frame size by a third threshold; and 

(e) means for encoding the current frame based on the 
generated quantization level. 
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8 
10. The apparatus of claim 9, wherein the previous frames 

and the current frame are encoded in real time during capture 
of the video Sequence. 

11. The apparatus of claim 9, wherein the characterization 
of the long-term performance of means (c) considers effects 
of encoding more of the previous frames than the charac 
terization of the short-term performance. 

12. The apparatus of claim 9, wherein the generating of 
means (d) is based on the characterization of the short-term 
performance and on the characterization of the long-term 
performance for the previous frames. 

13. The apparatus of claim 9, wherein: 
means (a) determines whether the current frame is an 

adjustable frame; 
the processing of means (b) and (c) is implemented only 

if the current frame is an adjustable frame; and 
means (d) sets the quantization level for the current frame 

i equal to the quantization level for the previous frame 
i-1 if the current frame is not an adjustable frame. 

14. The apparatus of claim 9, wherein: 
the first threshold is equal to the second threshold; 
the current average encoded frame size is an average Size 

of a specified number of previous encoded frames, 
the target encoded frame size is equal to the target average 

encoded frame size; and 
the third threshold is zero. 
15. The apparatus of claim 9, wherein the quantization 

level is adjusted for finer quantization, if the current frame 
is a key frame. 

16. The apparatus of claim 9, wherein the quantization 
level is reset to the quantization level of the Second previous 
frame i-2, if the previous frame i-1 is a key frame. 

17. A storage medium having Stored thereon a plurality of 
instructions for encoding Video signals, wherein the plurality 
of instructions, when executed by a processor, cause the 
processor to perform the Steps of: 

(a) encoding a plurality of previous frames in a Video 
Sequence, 

(b) characterizing short-term performance of the encoding 
of the previous frames by comparing the Size of a 
previous encoded frame i-1 with a target encoded 
frame size; 

(c) characterizing long-term performance of the encoding 
of the previous frames by comparing a current average 
encoded frame size with a target average encoded 
frame size; 

(d) generating a quantization level for a current frame i in 
the Video Sequence, Said generating comprising the 
Steps of 
(1) adjusting the quantization level for coarser 

quantization, if the size of the previous encoded 
frame i-1 is greater than the target encoded frame 
size by a first threshold; 

(2) adjusting the quantization level for finer 
quantization, if the target encoded frame Size is 
greater than the Size of the previous encoded frame 
i-1 by a Second threshold; and 

(3) adjusting the quantization level for coarser 
quantization, if the current average encoded frame 
Size is greater than the target average encoded frame 
size by a third threshold; and 

(e) encoding the current frame based on the generated 
quantization level. 

18. The storage medium of claim 17, wherein the previous 
frames and the current frame are encoded in real time during 
capture of the Video Sequence. 
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19. The storage medium of claim 17, wherein the char 
acterization of the long-term performance of Step (c) con 
siders effects of encoding more of the previous frames than 
the characterization of the Short-term performance. 

20. The storage medium of claim 17, wherein the gener 
ating of means (d) is based on the characterization of the 
Short-term performance and on the characterization of the 
long-term performance for the previous frames. 

21. The storage medium of claim 17, wherein: 
Step (a) comprises the further step of determining whether 

the current frame is an adjustable frame; 
Steps (b) and (c) are implemented only if the current frame 

is an adjustable frame; and 
Step (d) comprises the step of Setting the quantization 

level for the current frame i equal to the quantization 
level for the previous frame i-1 if the current frame is 
not an adjustable frame. 
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22. The storage medium of claim 17, wherein: 
the first threshold is equal to the second threshold; 
the current average encoded frame size is an average Size 

of a specified number of previous encoded frames, 
the target encoded frame size is equal to the target average 

encoded frame size; and 
the third threshold is zero. 

23. The storage medium of claim 17, wherein the quan 
tization level is adjusted for finer quantization, if the current 
frame is a key frame. 

24. The storage medium of claim 17, wherein the quan 
tization level is reset to the quantization level of the Second 
previous frame i-2, if the previous frame i-1 is a key frame. 


